An understanding of physiological and agronomical traits associated with high grain yield and efficiency of phosphorus use is important to the improvement of genotypes under dryland conditions. An experiment was conducted to evaluate the influence of differentiated phosphorus fertilization rate on the yield and quality of wheat at the experimental farm, University of Dicle, Diyarbakir, Turkey during 2013-2014 and 2014-2015 growing seasons. The experiment was consisted of five treatments comprising of five phosphorus (P2O5) levels (0 kg ha −1 , 30 kg ha −1 , 60 kg ha −1 , 90 kg ha −1 and 120 kg ha −1 ). It was observed that phosphorus levels exhibited significant differences to the grain numbers per m 2 , grain weight and grain yield ha -1 , as well as to starch content and protein content in the first season. There was no significant effect of phosphorus on all studied grain yield and quality characters in the second season. The improvement in grain yield was significantly associated with the increase in the values of grain number, accordingly, the coefficients of grain number and grain yield showed that grain number had a positive and direct effect on grain yield suggesting a criteria trait to enhance yield. It was concluded that the highest grain yield of wheat crop was obtained with 120 kg ha -1 P2O5 and it showed comparatively better performance than another treatment under investigation.
Introduction
Wheat (Triticum aestivum L.) is one of the main essential food and a vital source of energy in human diet. It is one of the major significant and widely cultivated crop of the entire world and it is a major source of nourishment (Aktas, 2016; Kizilgeci et al., 2017; Khaled et al., 2018; Hossain et al., 2018) . It is a principal food for more than 35% of the world's population, and a source of food and livelihood for over one billion people in developing countries (Metwali et al., 2011) . Wheat grains used in the making of flour, breads, biscuits, cakes, cookies, pasta, noodles and also for beer, and other alcoholic beverages or biofuel. Presently, wheat is grown on more than 200 million hectares of the world's cultivated land and is the most important agricultural commodity in international trade (FAO, 2010) . The worldwide requirements of wheat production by 2020 reached about 950 million tons to achieve food needs imposed by the increase of population and further, this could be reached, if global wheat productivity is enriched by 2.5% yearly. (Singh et al., 2011; Barutcular et al., 2017; Yildirim et al., 2018) . Consequently, to feed the rapidly growing population of the world, food production should be heightened.
Phosphorus is a necessary nutrient for the normal development of the plant (Kaleem et al., 2009 ). The quality and productivity of wheat crop may be affected by the management of primary fertilizers (NPK) but, it is also physiologically dependent on the different micronutrients along major nutrient management (Wiatrak et al., 2006) . It plays an important role and has a number of functions in the growth of plant. It utilizes sugar and starch and involved in transfer of energy (Mumtaz et al., 2014) . Balanced fertilization not only enhanced the yield of wheat, but also had a good influence on phosphorus uptake by plants (Rehman et al., 2006) . While, deficiency of phosphorus is one of the factor of abiotic stresses that determine the productivity of cereal crops (Yu et al., 2013) . Deficiencies regarding soil phosphorus (P) and zinc (Zn) noticed widely in numerous regions across the globe (Marschner, 1995) . Keeping in view the importance of phosphorus in crop productivity, the aim of the field study was to evaluate the response of bread wheat in terms of growth, yield and quality properties to different rates of phosphorus fertilization.
Materials and methods

Plant material and growing conditions
Two field experiments were conducted under rainfed conditions at the experimental farm, University of Dicle, Diyarbakir (latitude 37°88´N, longitude 40°27´E, altitude 680 m above sea level), Turkey (Figure 1 ).
Figure 1. Map of the experimental area
Seeds of wheat cv: Pehlivan were sown on 12.12.2013 in the 1st year and on 26.12.2014 in the 2nd year. Pehlivan is one of the most important winter bread wheat variety registered in 1998. It has a medium early growth cycle. The spike is white, smooth, awnless and compact, and the plant height is 95-100 cm. The variety has high productive tillering with high winter hardiness to be grown in winter wheat areas of the Central Anatolian Plateau with a medium tolerance to drought. Pehlivan also has medium opposition to lodging. It is suitable for growing on fertile and poor fertile soils, and is grown in most wheat producing regions of Turkey. The grain is oval, hard-red, very large, and has good milling and baking qualities.
The physical and chemical properties of the soil used in the experiment were as follows: clay soil (71.6% clay), organic matter 1.25%, available phosphoros 16.3 kg ha −1 , salt 0.01%, calcareous 13.02%, pH 7.73. Meteorological data were given in Table  1 . The experiment was arranged in randomized complete block design with four replications. The plots were arranged in six rows with 4 m long, 0.2 m intra-row using an experimental sowing machine. Five phosphorus (P2O5) levels (0, 30, 60, 90 and 120 kg P2O5 ha -1 ) were established in the form of triple super phosphate. The trial was conducted under rainfed conditions. Genotype were sown at a seed rate of 450 seed m -2 . Nitrogen fertilization was carried out 2 times in the form of ammonium nitrate (33%N). 60 kg ha -1 was applied at the sowing (basal dose) and tillering stage, in accordance with recommendations. 
Data collection and measurements
The chlorophyll content (SPAD) at the midpoint of the flag leaves of 10 randomly selected plants in each plot was measured by using a portable chlorophyll meter (Minolta SPAD-502, Osaka, Japan). Grain yield (kg ha −1 ) was calculated in harvest plots. Grain yield in kilogram per hectare was calculated from the yield harvested from each plot, the plants collected with a harvester from the area were used for assessments of grain yield. The grain weight included a moisture content of 12%. The sampling and determination of grain quality traits were described according to AACC (2000) .
Water use efficiency (WUE)
Water-use efficiency is normally described as the ratio of crop yield to the amount of water needed to achieve the yield according to total consumed water through wheat life circle, WUE was measured by referring to Gao (2000) and Gao et al. (2004) .
Statistical analysis
The obtained data were subjected to analysis of variance as described by Gomez and Gomez (1984) . The data were statistically analyzed by using MSTAT-C package program. The Least Significant Differences (LSD) test was used to compare the treatments at 0.05 levels.
Results and discussion
The statistical analysis of variance ( Table 2 ) illustrated the influence of phosphorus on the yield and quality traits of wheat. It is evident from the table that the number of grains per m 2 , thousand grain weight and grain yield were influenced significantly by the application of P fertilizer treatment in the first season. The analysis data showed that the analysis of variance of quality properties resulted in significant difference for phosphorus levels applications. Phosphorus fertilizer application also significantly infulenced the starch and protein content only in the 2014 growing season ( Table 3) . However, the maximum number of grains m -2 was observed with the application of 120 kg P2O5 ha -1 . While, the minimum value for number of grains was observed in control treatment. The results are in agreement with the findings of Ravnskov et al. (1995) and Reuter et al. (1995) who found that the application of phosphatic fertilizer significantly enhanced the number of grains per hill or per m 2 area.
Data regarding thousand grain weight influenced by various phosphorus rates are presented in ( Table 2 ). Data after statistical analysis showed significant (p≤0.05) effect of various phosphorus rates on thousand grain weight. Data after statistical analysis revealed that in wheat crop thousand grain weight were significantly (p≤0.05) affected by phosphorus levels and maximum weight of thousand grains was recorded from plots applied with 120 kg P2O5 ha -1 , while the minimum thousand grain weight was observed from the control plot. Rahmatullah et al. (1994) found 90 kg P2O5 ha -1 the optimum rate for the greatest growth, development thousand grain weight of wheat. Similarly, Brennan (1992) found a progressive improvement in thousand grains weight with the increase in phosphorus dose from 60 to 120 kg P2O5 ha -1 , gradually.
It was intensively observed that, the data after statistical analysis showed significant (p≤0.05) effect of different levels of phosphorus on grain yield. Mean values for different phosphorus levels revealed that maximum grain yield were produced by the plots that received 120 kg P2O5 ha -1 , while less grain yield were produced by the control plots. The plot treated 120 kg P2O5 ha -1 achieved maximum yield (4510 kg ha −1 ) which was statistically significant only in the first season, while the minimum grain yield (3100 kg ha -1 ) was achieved in control plots in the first season. The main reason for the increase in grain yield with various rates of phosphatic fertilizer could be the higher thousand grain weight which might be due to higher rate of photosynthesis and better crop health which ultimately enhanced the final grain yield Mehdi et al., 2003) . Alam et al. (2003) has observed that the application of phosphorus fertilizer (SSP) to wheat has significantly improved the plant height, number of tillers plant -1 , straw and grain yield as well as P-uptake in grain over control. Regardless of the second year crop, phosphorus fertilizers shown no significant effect on the grain yield and attributes. This results are in agreement with the findings of Mihoub and Deraoui (2014), who observed that phosphorus fertilizer application did not effect significantly the P content in grain yield. The relationship of high grain yield, due to P fertilizer application with number of seed/plant have been reported elsewhere (Singh et al., 2012) .
The analysis results of Protein yield (g m -2 ) and Starch yield, (g m -2 ) of wheat are presented in (Table 3) , results showed the effect of phosphorus levels, the statistical analysis of variance indicated that the mean Protein yield (g m -2 ) and Starch yield, (g m -2 ) were significantly different. Among various factors, plant nutrition circumstancesusage of fertilizers, soil supply conditions -suit best to modify, and to enhance certain parameters (Sarkadi, 1981) . According to views of several investigation variations in quality properties depend on fertilizing application (Tabl and Kiss, 1983 
Correlation analysis
Correlation coefficients between all traits are illustrated in Table 4 and grain yield of wheat crop show positive association with correlation coefficient values of grain number. Grain number was significant to high grain yield for both years. Under the low rainfall year (2014); Grain yield was positively and significantly influenced by 1000grain weight. The SPAD value was positively and significantly associated with the grain yield in the 2nd year of 2015, which was a year with high rainfall. The extent of association of different traits also revealed the significant relationship with grain yield of the crop and this result was supported by Shah et al. (2003) . In general, it is believed that grain quality improved with the increament of phosphorus rates, and phosphorus caused remarkable improvement in protein yield. The protein content was negatively associated with grain yield. The unit increase in grain yield was positively associated with the increased values of observed crop parameters by various yield attributes, grains spike −1 , seed index and harvest index (Noonari et al., 2016) . 
Water use efficiency
Increasing phosphorus levels were positively and significantly improved water use efficiency (WUE) under low rainfall conditions (Figure 2) . The WUE values are regulated, and the relationship is stronger. However, as reported by Gerloff (1977) , when the performance of cultivars to P supply and their yield potential at low P supply. There are various considerations of P use efficiency in previous investigations of wheat, which have resulted in various definitions, such as agronomic efficiency (Alam et al., 2003) .While, the non-significant inffluence of P application on crop water use might be that 90 kg P ha −1 was too high to influence root growth for superior water extraction (Lusiba et al., 2018) . However, there is a deficiency of information on the interactive influence of phosphorus fertilizer on water use efficiency of wheat under dry conditions.
Figure 2. Relationship between water use efficiency (WUE) and phosphorus level
Conclusion
All these results indicate that phosphorus levels exhibited significant differences to the grain number per m 2 , grain weight and grain yield ha -1 , as well as, for starch content and protein content in the first season. Evaluation of agronomical and quality traits in wheat showed that phosphurus application has significant effect on relationship between grain yield and quality. The grain yield increase was significantly associated with the improved values of noted plant traits like grain number and thousand grain weight. Accordingly, 120 kg P2O5 ha -1 was better rate of phosphorus for achieving reasonable productivity of wheat under investigation conditions.
